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(54) SYSTEM, METHOD AND DEVICE FOR OPTICAL SPACE TRANSMISSION 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high quality free-space 
optical transmission system, method and device by reducing 
deterioration of transmission and line disconnection even when an 
atmospheric refractive index fluctuates due to the fluctuations of 
atmospheric temperature and humidity. 
SOLUTION: On a transmitting side 10, a radio signal modulating 
part 12 converts an information signal (data input signal) from an 
input 11 into a radio modulation signal. Its output is converted into an 
optical signal by an optical transmitter 13 to be transmitted into the 
free space. On a receiving side 20, the transmitted optical signal is 
received by a plurality of optical receivers 221 and 222 and 
respectively converted into electric signals. A diversity radio signal 
processing part 24 performs diversity synthesis and demodulation of 
outputs from the respective receivers 221 and 222, and the 



demodulated information signals (data output signal) are outputted to an output 21. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The information signal of 1 which has 1 or two or more optical transmitters, and was changed into the 
wireless modulating signal The 1st optical communication device which transmits the information signal of 1 
which shifted time amount, and transmitted from multiple times, 1, or two or more optical transmitters, or was 
changed into the wireless modulating signal from 1 or two or more optical transmitters, The optical space 
transmission system characterized by having 1 or two or more optical receivers, and having the 2nd optical 
communication device which is the input signal of the signal which said 1st optical communication device 
transmitted, carries out diversity composition of two or more input signals transmitted with two or more pass in 
time or spatially, and is received. 

[Claim 2] The 1st optical communication device possessing the radio-signal modulation section which changes 
the information signal to transmit into a wireless modulating signal, and the optical transmitter which changes 
the output of said radio-signal modulation section into a lightwave signal, and is transmitted to space, The 
optical space transmission system characterized by having the 2nd optical communication device possessing 
two or more optical receivers which receive the lightwave signal transmitted through space from said optical 
transmitter, and are changed into a lightwave signal, and the diversity radio-signal processing section which 
compounds the output of two or more of said optical receivers. 

[Claim 3] The radio-signal modulation section which changes the information signal to transmit into a wireless 
modulating signal, and a means to branch the output of said radio-signal modulation section to plurality, The 1st 
optical communication device possessing two or more optical transmitters which change each branched signal 
into a lightwave signal, and are transmitted to space, The optical receiver which bundles up two or more 
lightwave signals transmitted through space from said two or more optical transmitters, receives, and is changed 
into an electrical signal, The optical space transmission system which additive [ of the lightwave signal from 
said two or more optical transmitters ] is carried out, and is characterized by having the 2nd optical 
communication device possessing the radio-signal processing section which equalizes and compounds the 
output of said optical receiver changed into the electrical signal 

[Claim 4] A means to branch the information signal to transmit to plurality, and two or more radio-signal 
modulation sections which change each branched signal into a wireless modulating signal, The 1st optical 
communication device possessing two or more optical transmitters which change the output of two or more of 
said radio-signal modulation sections into a lightwave signal, and are transmitted to space, The optical receiver 
which bundles up two or more lightwave signals transmitted through space from said two or more optical 
transmitters, receives, and is changed into an electrical signal, The optical space transmission system which 
additive [ of the lightwave signal from said two or more optical transmitters ] is carried out, and is characterized 
by having the 2nd optical communication device possessing the radio-signal processing section which equalizes 
and compounds the output of said optical receiver changed into the electrical signal. 
[Claim 5] The radio-signal modulation section which changes the information signal to transmit into a wireless 
modulating signal, and a means to branch the output of said radio-signal modulation section to plurality, The 1st 
optical communication device possessing two or more optical transmitters which change each branched signal 
into a lightwave signal, and are transmitted to space, Two or more optical receivers which receive two or more 
lightwave signals transmitted through space from said two or more optical transmitters, and are changed into an 
electrical signal, The optical space transmission system characterized by having the 2nd optical communication 



device possessing the diversity radio-signal processing section which carries out identification composition of 
the output of two or more of said optical receivers. 

[Claim 6] A means to branch the information signal to transmit to plurality, and two or more radio-signal 
modulation sections which change each branched signal into a wireless modulating signal, The 1st optical 
communication device possessing two or more optical transmitters which change the output of two or more of 
said radio-signal modulation sections into a lightwave signal, and are transmitted to space, Two or more optical 
receivers which receive two or more lightwave signals transmitted through space from said two or more optical 
transmitters, and are changed into an electrical signal, The optical space transmission system characterized by 
having the 2nd optical communication device possessing the diversity radio-signal processing section which 
carries out identification composition of the output of two or more of said optical receivers. 
[Claim 7] It is the optical space transmission system characterized by providing the delay unit which delays 
some signals of the signal with which said 1st optical communication device branched to plurality in the optical 
space transmission system according to claim 6 from claim 3. 

[Claim 8] The radio-signal modulation section which changes the information signal to transmit into a wireless 
modulating signal, and a means to branch the output of said radio-signal modulation section, The multiplexing 
machine which multiplexs said signal of the branched remainder with a delay unit and the output of said delay 
unit in some branched signals, The 1st optical communication device possessing the optical transmitter which 
changes the output of said multiplexing machine into a lightwave signal, and is transmitted to space, The optical 
space transmission system characterized by having the 2nd optical communication device possessing the optical 
receiver which receives the lightwave signal transmitted through space from said optical transmitter, and is 
changed into an electrical signal, and the radio-signal processing section which carries out identification 
composition of the output from said optical receiver. 

[Claim 9] It is the optical space transmission system characterized by providing the quadrature modulation 
section to which the radio-signal modulation section of said 1st optical communication device carries out 
quadrature modulation of the output of the **-SUBANDO modulation section and said **-SUBANDO 
modulation section in an optical space transmission system according to claim 8 from claim 2. 
[Claim 10] The optical space transmission system characterized by providing the local oscillator which 
oscillates the reference signal of a power converter and said power converter in the latter part of said quadrature 
modulation section in an optical space transmission system according to claim 9 from claim 2. 
[Claim 11] It is the optical space transmission system characterized by providing the rectangular detection 
section which the radio-signal processing section of said 2nd optical communication device is transmitted from 
a transmitting side in the optical space transmission system according to claim 10 from claim 4 from claim 3, 
and claim 7, eats, and detects - SUPANDO wireless modulating signal, the equalizer which carries out 
identification composition of the output of said rectangular detection section, and the **-SUBANDO recovery 
section which changes a wireless modulating signal into the information signal of a basis. 
[Claim 12] In the optical space transmission system according to claim 10 from claim 4 from claim 3, and claim 
7 the radio-signal processing section of said 2nd optical communication device The frequency-conversion 
section which changes into a **-SUBANDO band the wireless modulating signal of the intermediate frequency 
transmitted from the transmitting side, or a radio frequency band, The local oscillator which oscillates the 
reference signal of said power converter, and the rectangular detection section which is outputted from said 
frequency converter, eats and detects - SUBANDO wireless modulating signal, The optical space transmission 
system characterized by providing the equalizer which carries out identification composition of the output of 



said rectangular detection section, and the **-SUBANDO recovery section which changes a wireless 
modulating signal into the information signal of a basis. 

[Claim 13] In the **** space transmission system according to claim 10 from claim 2, claim 7 from claim 5, 
and claim 9 the diversity radio-signal processing section of said 2nd optical communication device Two or more 
rectangular detection sections which were transmitted from the transmitting side and received with the optical 
receiver and which describe more than one and detect - SUBANDO signal, The optical space transmission 
system characterized by providing the **-SUBANDO diversity identification composition section which carries 
out diversity composition of the output of two or more of said rectangular detection sections, and the 
**-SUBANDO demodulator which changes the output from said diversity identification composition section 
into the information signal of a basis. 

[Claim 14] In the optical space transmission system according to claim 10 from claim 2, claim 7 from claim 5, 
and claim 9 the diversity radio-signal processing section of said 2nd optical communication device The 
diversity composition section which carries out diversity composition of two or more intermediate frequencies 
which were transmitted from the transmitting side and received with the optical receiver, or the signal of a radio 
frequency band, The frequency-conversion section which carries out frequency conversion of the output from 
said diversity identification composition section, The local oscillator which oscillates the reference signal of 
said power converter, and the rectangular detection section which detects the **-SUBANDO wireless 
modulating signal outputted from said frequency converter, The **** space transmission system characterized 
by providing the equalizer which carries out identification composition of the output of said rectangular 
detection section, and the **-SUPANDO recovery section which changes a wireless modulating signal into the 
information signal of a basis. 

[Claim 15] In the optical space transmission system according to claim 10 from claim 2, claim 7 from claim 5, 
and claim 9 the diversity radio-signal processing section of said 2nd optical communication device Two or more 
frequency-conversion sections which carry out frequency conversion of two or more intermediate frequencies 
which were transmitted from the transmitting side and received with the optical receiver, or the signal of a radio 
frequency band, respectively, The local oscillator which oscillates the reference signal of said power converter, 
and two or more rectangular detection sections which describe more than one from said two or more frequency 
converters, and detect - SUBANDO signal. The **** space transmission system characterized by providing the 
* "-SUBANDO diversity identification composition section which carries out diversity composition of the 
output of two or more of said rectangular detection sections, and the **-SUBANDO demodulator which 
changes the output from said diversity identification composition section into the information signal of a basis. 
[Claim 16] It is the optical space transmission system characterized by providing a means to 
maximum-ratio-compound two or more signals which the diversity radio-signal processing composition section 
of said 2nd optical communication device inputted in the optical space transmission system according to claim 
14. 

[Claim 17] It is the optical space transmission system characterized by providing the means which carries out 
selection composition of two or more signals which the diversity radio-signal processing composition section of 
a receiving side inputted in the optical space transmission system according to claim 14 according to receiving 
level. 

[Claim 18] It is the optical space transmission system characterized by providing the means which carries out 
[ signals / which the diversity radio-signal processing composition section of said 2nd optical communication 
device inputted in the optical space transmission system according to claim 14 / two or more ] gain composition. 



[Claim 19] It is the optical space transmission system characterized by providing a means to 
maximum-ratio-compound the output of the transversal equalizer which the **-SUBANDO diversity 
identification composition section of said 2nd optical communication device inputted in claim 13 and the optical 
space transmission system according to claim 15, and which describes more than one and equalizes - 
SUBANDO signal, respectively, and two or more of said equalizers. 

[Claim 20] It is the optical space transmission system characterized by providing the means which carries out 
selection composition of the output of the transversal equalizer which the **-SUBANDO diversity 
identification composition section of said 2nd optical communication device inputted in claim 13 and the optical 
space transmission system according to claim 15, and which describes more than one and equalizes - 
SUBANDO signal, respectively, and two or more of said equalizers. 

[Claim 21] It is the optical space transmission system characterized by providing the means which carries out 
[ output / of the transversal equalizer into which the **-SUBANDO diversity identification composition section 
of said 2nd optical communication device was inputted in claim 13 and the optical space transmission system 
according to claim 15, and which describes more than one and equalizes - SUBANDO signal, respectively, and 
two or more of said equalizers ] gain composition. 

[Claim 22] It is the optical space transmission system characterized by the **-SUBANDO diversity 
identification composition section of said 2nd optical communication device possessing adaptation judging 
feedback mold transversal composition diversity in claim 13 and an optical space transmission system 
according to claim 15. 

[Claim 23] It is the optical space transmission system characterized by the adaptation judging feedback mold 
transversal composition diversity of said 2nd optical communication device using adaptation algorithm for the 
decision of the tap multiplier of a transversal equalizer in an optical space transmission system according to 
claim 22. 

[Claim 24] The optical space transmission system characterized by using a RLS algorithm in an optical space 
transmission system according to claim 23 as adaptation algorithm used for the decision of the transversal 
equalizer tap multiplier of said 2nd optical communication device. 

[Claim 25] The optical space transmission system characterized by using an LMS algorithm in an optical space 
transmission system according to claim 24 as adaptation algorithm used for the tap multiplier decision of the 
transversal equalizer of said 2nd optical communication device. 

[C:. : ;:: 26] The optical space transmit ;/, system characterized by constituting an optical space transmission 
transmitter-receiver combining said the 1st optical communication device and said 2nd optical communication 
device in claim 1 thru/or an optical space transmission system given in 25. 

[Claim 27] It is the optical space transmission approach which a transmitting side changes the information 
signal to transmit into a wireless modulating signal in the optical space transmission approach which carries out 
optical space transmission of for two predetermined points, transmits a lightwave signal with 1 or two or more 
optical transmitters, and is characterized by identification-compounding or diversity compounding and restoring 
to an output after changing a receiving side into an electrical signal with 1 or two or more optical receivers. 
[Claim 28] In the optical communication device which has an optical transmitter in the optical space 
transmission system which consists of between the optical communication devices which have the received 
optical receiver which receives the signal from the optical communication device which has an optical 
transmitter, and the optical communication device which has an optical transmitter, and carries out diversity 
composition The optical communication device which the optical communication device which has an optical 



transmitter has 1 or two or more optical transmitters, and has an optical transmitter The optical communication 
device which has the optical transmitter characterized by transmitting the information signal of 1 which shifted 
time amount, and transmitted the information signal of 1 changed into the wireless modulating signal from 
multiple times, 1, or two or more optical transmitters, or was changed into the wireless modulating signal from 
1 or two or more optical transmitters. 

[Claim 29] The optical communication device which has 1 or two or more optical transmitters which shift time 
amount and carry out multiple-times transmission of the information signal of 1 changed into the wireless 
modulating signal, In the optical communication device which has an optical receiver in the optical space 
transmission system which communicates between the optical communication devices which have an optical 
receiver by optical space transmission, the optical communication device which has an optical receiver The 
optical communication device which has the optical receiver which is the input signal of the signal which the 
optical communication device which has 1 or two or more optical receivers, and has said optical transmitter 
transmitted, and is characterized by carrying out diversity composition of two or more input signals transmitted 
with two or more pass in time or spatially, and receiving. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an optical space transmission system, the optical space 

transmission approach, and an optical communication device. 

[0002] 

[Description of the Prior Ait] Pi awing 17 is the block diagram showing the example of a configuration ui me 
conventional optical communication device. 

[0003] In the transmitting side 1 in drawing 17 (1), the information transmitted from the input edge 3 is inputted, 
the signal is changed into the signal format for carrying out optical communication by the signal transformation 
section 5, and optical transmission is carried out with the optical transmitter 6 in space. It is received by the 
optical receiver 7 by the receiving side 2, and the lightwave signal is changed into an electrical signal. The 
output is changed into an information signal by the signal transformation section 8, and is outputted to an 
outgoing end 4. 

[0004] In drawing 17 (2), by the transmitting side 1, the information transmitted from the input edge 3 is 
inputted, the signal is changed into the signal format for carrying out optical communication by the signal 
transformation section 5, and optical transmission is carried out with the optical transmitter 6 in space. It is 
received by opening expanded by the receiving opening display magnifier 9 by the receiving side 2, image 



formation of the lightwave signal is carried out to the receiving effective area of the optical receiver 7, and 
optical reception is carried out with the optical receiver 7. The lightwave signal received with the optical 
receiver 7 is changed into an electrical signal, and the output is changed into an information signal by the signal 
transformation section 8, and is outputted to an outgoing end 4. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since an atmospheric refractive index is changed by 
fluctuation of atmospheric temperature or humidity and the propagation path of a light beam is changed in case 
the lightwave signal transmitted from the optical transmitter spreads space and gets across to a receiving side, in 
a receiving side, fluctuation arises in receiving luminous intensity (a spot dance, beam bending, scintillation). 
Therefore, even when the weather condition of fine weather was good, degradation of the circuit quality by the 
above-mentioned phenomenon or generating of disconnection was a problem. 

[0006] Moreover, although it was possible to have reduced the effect by expanding receiving opening like 
drawing 17 (2), big opening had to be made and there was a problem of being difficult, also from the field of an 
optical image formation technique and the magnitude of equipment. 

[0007] Even when it is made in view of the above-mentioned problem and the refractive index of the 
atmospheric air by fluctuation of atmospheric temperature or humidity is changed, this invention reduces 
degradation and disconnection of the transmission quality, and aims at offering a quality optical space 
transmission system, the optical space transmission approach, and an optical communication device. 
[0008] 

[Means for Solving the Problem] In order that this invention may solve said trouble, after changing into a 
wireless modulating signal the information signal which transmits between the points of the plurality of 
arbitration by the transmitting side (the 1st optical communication device) in the optical space transmission 
system which performs optical space transmission, carrying out optical space transmission and changing into a 
wireless modulating signal as a lightwave signal with two or more optical receivers by the receiving side (the 
2nd optical communication device), it is characterized by carrying out diversity composition reception. 
[0009] By this receiving the lightwave signal transmitted to space from the optical transmitter with two or more 
optical receivers In case two or more lightwave signals through the optical propagation path with comparatively 
low correlation which became independent mostly can be acquired and diversity reception of it is carried out By 
changing and transmitting an information signal to the wireless strange recovery signal section, radio-signal 
processing can be appli"' 1 -~ baseband processing of the trcir^iver section of optical space trar^'i^ioii, and 
improvement in receiving quality is attained by diversity, identification processing, etc. 
[0010] Moreover, it becomes expandable [ the transmission capacity by multi-level-modulation-izing etc. ]. 
[0011] Moreover, or it changes the information signal to transmit into a wireless modulating signal in a 
transmitting side and changes into a lightwave signal each signal branched and distributed to plurality in the 
output, branch to plurality and an information signal is changed into a radio signal, respectively. The optical 
transmitter for transmitting to space as a lightwave signal in two or more preparations and a receiving side Two 
or more lightwave signals transmitted through space from said two or more optical transmitters are received 
collectively, and it changes into a lightwave signal, and is characterized by equalizing two or more radio signals 
which are contained in an output from said optical receiver and by which additive was carried out by 
radio-signal processing, and compounding them. 

[0012] By this, transmit to space from two or more optical transmitters, and one optical receiver receives 
collectively, and the output by carrying out identification composition The diversity composition effectiveness 



of two or more lightwave signals through the optical propagation path with comparatively low correlation which 
became independent mostly can be acquired. In case [ that ] identification composition is carried out By 
changing and transmitting an information signal to the wireless strange recovery signal section, the more nearly 
quality diversity effectiveness can be acquired by carrying out identification composition as radio-signal 
processing. 

[0013] Moreover, improvement in the further transmission quality is attained by taking one transmission, 
receiving two or more networks or transmitting two or more networks, and not only one reception but the 
configuration of transmitting two or more networks which combined both, and receiving two or more networks. 
[0014] Furthermore, after provide the delay unit which delays some signals of the signal which branched to 
plurality by the transmitting side, delay a part among the information signals changed into the wireless 
modulating signal which branched to plurality, and transmitting to space as a lightwave signal with two or more 
optical transmitters, respectively, and bundling up by the receiving side, and an optical receiver's receiving and 
changing into a radio signal, it is characterized by to carry out time diversity composition reception by carrying 
out identification composition. 

[0015] Degradation of the transmission quality under the effect of the propagation path changed in time by this 
can be distributed in time, and it becomes improvable [ the transmission quality ]. 
[0016] Moreover, an information signal is changed into a wireless modulating signal, the output is branched, 
one signal is delayed in a transmitting side, and it multiplexs with another signal, and changes into a lightwave 
signal, it has transmitting to space with an optical transmitter, the lightwave signal transmitted through space 
from said optical transmitter is received in a receiving side, it changes into a radio signal, and it is characterized 
by to carry out time diversity composition reception of the output by carrying out identification composition. 
[0017] Degradation of the transmission quality under the effect of the propagation path changed in time by this 
can be distributed in time, and it becomes improvable [ the transmission quality ]. 

[0018] In the above-mentioned configuration, the radio-signal modulation section is characterized by providing 
the quadrature modulation section which carries out quadrature modulation of the output to the **-SUBANDO 
modulation section, passes, and changes and transmits - SUBANDO wireless modulating signal to a lightwave 
signal. Or the radio-signal modulation section carries out frequency conversion of the output of said quadrature 
modulation section, and is characterized by changing into the signal of an intermediate frequency or a radio 
frequency band, changing into a lightwave signal as a radio signal of an intermediate frequency or a radio 
frequency band. rv " 1 "^jismitting. Tlje radio-signal r^crring section of a receiving side : - ** 5 SUBANDO 
transmission The rectangular detection section which detects the radio-signal output from an optical receiver, 
and the equalizer which equalizes two or more of the outputs, It is characterized by providing the 
**-SUBANDO recovery section which changes the output into an information signal. In an intermediate 
frequency or radio frequency band transmission Frequency conversion of the radio-signal output from an optical 
receiver is carried out, and it is characterized by providing the **-SUBANDO recovery section which changes 
into a **-SUBANDO signal and changes into an information signal the rectangular detection section which 
detects the output, the equalizer which equalizes two or more of the outputs, and its output. 
[0019] When this receives the lightwave signal from two or more optical transmitters by package, identification 
composition can be carried out by using an equalizer. In **-SUBANDO transmission, the diversity radio-signal 
processing section states from two or more optical receivers, and carries out rectangular detection of the output 
of - SUBANDO signal, respectively, and identification diversity composition of the output is carried out by the 
**-SUBANDO diversity identification composition section. Moreover, diversity composition of two or more 



intermediate frequencies or the signal of a radio frequency band is carried out by the diversity composition 
section, in an intermediate frequency or radio frequency band transmission, changing the output into a 
**-SUBANDO band and getting over and two or more intermediate frequencies, or the signal of a radio 
frequency band is changed into a **-SUBANDO band, respectively, and it is characterized by carrying out 
**-SUBANDO diversity identification composition. 

[0020] The diversity composition section in an intermediate frequency or a radio frequency band is 
characterized by providing the function of the maximum ratio composition, selection composition, or ****** 
composition. Moreover, the **-SUBANDO diversity identification composition section equalizes two or more 
baseband signaling, respectively, and is characterized by to provide the function of the maximum ratio 
composition, selection composition, or ****** composition after that, or providing adaptation judging feedback 
mold transversal composition diversity. The above-mentioned adaptation judging feedback mold transversal 
composition diversity is characterized by using adaptation algorithm for the decision of the tap multiplier of a 
transversal equalizer, and is characterized by using adaptation algorithm, such as a RLS algorithm or an LMS 
algorithm, for the algorithm. 
[Detailed description] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained based on a drawing. 

[0021] It is drawing showing the case where drawing 3 forms two or more transmitters or receivers in the 

optical transmitter of a transmitting side, and the optical receiver of a receiving side, from drawing 1 . 

[0022] In addition, in the following explanation, although the example established two explains, respectively as 

two or more optical transmitter or two or more optical receivers, the invention in this application is applicable 

with two or more [ not only two but ] optical transmitters, or the number of optical receivers. 

[0023] In drawing 1 , the information signal (data in signal) from the input edge 1 1 is changed into a wireless 

modulating signal by the radio-signal modulation section 12 by the transmitting side 10. The output is changed 

into a lightwave signal by the optical transmitter 13, and is transmitted to space by it. 

[0024] In a receiving side 20, it is received by two or more optical receivers 221 and 222, and the transmitted 

lightwave signal is changed into an electrical signal, respectively. The information signal (data out signal) 

which diversity-compounded, and got over and restored to the output from each optical receivers 221 and 222 

by the diversity radio-signal processing section 24 is outputled to an outgoing end 21. 

[0025] In this example, when an input signal is changed into a wireless modulating signal and carries out optical 
transmissr' - : ' becomes possible to perform rr^- processing, such as diversity "."^ hy radio, and the further 
improvement in communication link quality is attained. 

[0026] In drawing 2 , the information signal from the input edge 1 1 is changed into a wireless modulating signal 
by the radio-signal modulation section 12 by the transmitting side 10. The output branches to plurality by the 
turnout 14 (in drawing 2 , although it has branched to two, this invention is not limited to two.). By two or more 
branching, the invention in this application is applicable. The same is said of the following branching. It is 
changed into a lightwave signal by the optical transmitters 131 and 132, and is transmitted to space by them, 
respectively. 

[0027] It is collectively received by the optical receiver 22 of a receiving side, and each lightwave signal 
transmitted to space is changed into an electrical signal. Respectively it identification-compounds, and gets over, 
and the output by which electric conversion was carried out is changed into the information signal of a basis by 
the radio-signal processing section 23, and is outputted to an outgoing end 21. 
[0028] Moreover, in drawing 2 , what inserted the delay unit 16 in one output of a turnout 14 is shown in 



drawing 6 . 

[0029] A delay unit 16 is inserted in one side of the signal which branched the output of the radio-signal 
modulation section of a transmitting side like drawing 6 , by carrying out optical transmission, by the receiving 
side, it becomes possible to acquire the time diversity effectiveness, and improvement in the further 
communication link quality is attained. 

[0030] In addition, a delay unit may be prepared in the output of the turnout 14 of another side. Moreover, there 
is two or more branching, and when inserting two or more delay units, the amount of delay of each delay unit 
may be changed. 

[0031] In drawing 3 , by the transmitting side 10, the information signal from input 1 1 edge branches to 
plurality by the turnout 15, and is changed into a wireless modulating signal by the radio-signal modulation 
sections 121 and 122, respectively. The output is changed into a lightwave signal by the optical transmitters 131 
and 132, and is transmitted to space by them, respectively. 

[0032] It is collectively received by the optical receiver 22 of a receiving side 20, and each lightwave signal 
transmitted to space is changed into an electrical signal. Respectively it identification-compounds, and gets over, 
and this output by which electric conversion was carried out is changed into the information signal of a basis by 
the radio-signal processing section 23, and is outputted to an outgoing end 21. 
[0033] Moreover, like drawing 7 , by the receiving side, it becomes possible to acquire the time diversity 
effectiveness, and improvement in communication link quality is attained by carrying out optical transmission, 
after inserting a delay unit 16 in one output ( drawing 7 output of the radio-signal modulation section 121) of 
the radio-signal modulation sections 121 and 122 of a transmitting side 10. 

[0034] In addition, when branching is three or more, a delay circuit different, respectively may be inserted. 
[0035] Drawing 4 and drawing 5 are drawings showing the case where two or more optical transmitters of a 
transmitting side and optical receivers of a receiving side are formed. 

[0036] The output of the radio-signal modulation section 12 is branched, and two or more optical transmitters 
13 of a transmitting side are formed, and at the transmitting side 10 in drawing 4 , by the transmitting side 10 in 
drawing 5 , the information signal from the input edge 1 1 is branched, and it is transmitted to space by two or 
more optical transmitters 131 and 132 through the radio-signal modulation sections 121 and 122, respectively. 
[0037] Moreover, in the receiving side 20 in drawing A and drawing 5 , the lightwave signal received with two 
or more optical receivers 221 and 222 is changed into an electrical signal, and the diversity radio-signal 
p,. ; - ...:. 1 g section 24 equalizes and rc-: v * " [ diversity composition ]. 

[0038] Moreover, drawing 8 and drawing 9 insert a delay unit 16 in a part of signal which branched by the 
turnout 14 or 15 by the transmitting side 10 in drawing 4 and drawing 5 . From a transmitting side 10. the same 
signal differs in time amount and is transmitted, in a receiving side 20, what was indicated by drawing S and 
drawing 9 becomes possible [ acquiring the time diversity effectiveness collectively ], and improvement in 
communication link quality of it is attained. 

[0039] In drawing 10 , the information signal from the input edge 1 1 is changed into a radio signal by the 
radio-signal modulation section 12. The output branches by the turnout 17, one side is delayed by the delay unit 
18, and it is again multiplexed with another signal and multiplexing machine 19. The signal it was multiplexed 
[ signal ] is changed into a lightwave signal by the optical transmitter 13, and is transmitted to space. 
[0040] By the receiving side 20, it is received by the optical receiver 22 and the lightwave signal from a 
transmitting side 10 is changed into an electrical signal. Identification composition is carried out by the 
radio-signal processing section 23, and the output is changed into the information signal of a basis, and is 



outputted from an outgoing end 21. 

[0041] The time diversity effectiveness can obtain by branching a wireless modulating signal by the 
transmitting side 10, delaying one side, carrying out optical transmission, after multiplexing again, and carrying 
out identification composition by the receiving side by the configuration of drawing 10 . 
[0042] In drawing 11 , the example of a configuration of the wireless modulation section in drawing 10 is 
shown from drawing 1 . 

[0043] Drawing 11 (1) is the case of **-SUBANDO transmission. 

[0044] It states by I (In Phase) component and Q (Quadrature Phase) **, and is changed into - SUBANDO 
modulating signal by the **-SUBANDO wireless modulation section 33, quadrature modulation of I and the Q 
component is carried out with the quadrature modulation vessel 34, and the inputted information signal is 
outputted from an output terminal 32. 

[0045] Drawing 11 (2) is the case of an intermediate frequency or radio frequency band transmission. The 
output of the quadrature modulation machine 34 in drawing 1 1 (1) is changed into a desired frequency band by 
a local oscillator 36 and the frequency-conversion section 35, and it is outputted from an output terminal 32. 
[0046] Drawing 12 is drawing 2 and the radio-signal processing section in 3, 6, 7, and 10, and shows the 
example of a configuration of the radio-signal processing section when a receiving side receives the signal from 
two or more optical transmitters with one optical receiver. 

[0047] Drawing 12 (1) is inputted and, in the case of **-SUBANDO transmission, is eaten, rectangular 
detection of the - SUBANDO wireless modulating signal is carried out by the rectangular detection section 43, 
and I and Q component are outputted. Identification composition of a direct wave component and the delay 
wave component is carried out by the equalizer 44, and the output is changed into the information signal of a 
basis by the **-SUBANDO recovery section 45. 

[0048] The radio signal of the intermediate frequency or radio frequency band into which drawing 12 (2) was 
inputted in the case of radio frequency band transmission [ an intermediate frequency or ] is changed into a 
**-SUBANDO band by the frequency conversion section 46 and the local oscillator 47. The output is changed 
into the information signal of a basis by the rectangular detection section 43, an equalizer 44, and the baseband 
recovery section 45. 

[0049] Drawing 13 shows the example of a configuration of the diversity radio-signal processing section when a 
receiving side receives with two or more optical receivers, as shown in drawing 1 3 and 4, 5. 8 and 9. 
r W50] Plurality is inputted, in -<e of **-SUBANDO transmit 1 "" •Vny'iiyr 1? (1) is eaten, rectar-f- 1 - - 
detection of the - SUBANDO radio signal is carried out in the rectangular detection sections 531 and 532, 
respectively, and I and Q component are outputted. Diversity composition is equalized and carried out by the 
**-SUBANDO diversity identification composition section 54, and each output is changed into the information 
signal of a basis by the **-SUBANDO recovery section 55, and is outputted. 

[0051] In the case of radio frequency band transmission [ an intermediate frequency or ], drawing 13 (2) is the 
case where drawing 13 (2) and (A) perform diversity composition with an intermediate frequency or a radio 
frequency band. Diversity composition of the radio signal of the inputted two or more intermediate frequencies 
or the radio frequency band is carried out by the diversity composition section 56, and the output is changed 
into the signal of a **-SUBANDO band by the frequency conversion section 57 and the local oscillator 58, 
identification is carried out with an equalizer 59 through the rectangular detection section 53, and it is changed 
into the information signal of a basis by the **-SUBANDO recovery section 55, and is outputted from an output 
terminal 52. 



[0052] Drawing 13 (2) and (B) are the cases where diversity composition is performed by **-SUBANDO. 
[0053] The radio signal of the inputted two or more intermediate frequencies or the radio frequency band is 
changed into the signal of a desired intermediate frequency band by the frequency-conversion sections 571 and 
572 and the local oscillator 58, respectively, and rectangular detection is carried out by the rectangular detection 
sections 531 and 532. Diversity composition is equalized and carried out by the **-SUBANDO diversity 
identification composition section 54, and two or more of the outputs are changed into the information signal of 
a basis by the **-SUBANDO recovery section 55, and are outputted from an output terminal 52. 
[0054] In drawing 14 , the example of a configuration of the diversity composition section in drawing 13 (2) 
which performs diversity composition with an intermediate frequency or a radio frequency band, and (A) is 
shown. 

[0055] The amplitude and phase of a signal as which drawing 14 (1) was inputted from the input terminal inputs 
611 and 612 in the case of maximum ratio composition are detected by the amplitude and the phase detecting 
elements 631 and 632. Based on the amplitude and phase which were detected by the phase detecting elements 
631 and 632, the amplitude and a phase are controlled by the amplitude and the phase control sections 641 and 
642, respectively, and it is multiplexed so that it may be compounded on in phase and this level with the 
multiplexing vessel 65. 

[0056] Level detection of the signal into which drawing 14 (2) was inputted from the input terminal inputs 611 
and 612 in the case of selection composition is carried out by the amplitude detecting elements 661 and 662, 
respectively. According to the detected level, a transfer switch is controlled, a signal with higher level is 
switched, and the amplitude detecting elements 661 and 662 are outputted from an output terminal 62. 
[0057] It is multiplexed with the multiplexing vessel 65 and the signal into which drawing 14 (3) was inputted 
in the case of ****** composition is outputted, respectively. 

[0058] Drawing 15 shows the example of a configuration of the **-SUBANDO diversity identification 

composition section in drawing 13 (1) which performs diversity composition by **-SUBANDO and drawing 13 
(2), and (B). 

[0059] As for drawing 15 (1), in the maximum ratio composition, in selection composition, drawing 15 (3) 
shows the case of ****** composition, as for drawing 15 (2). The signal of I and Q component which were 
inputted is maximum ratio composition, selection-compounded or ****** compounded like the case of drawing 
H_ , after identification is carried out by equalizers 731 and 732, respectively. 

[0060] Drawing 16 shows another example of a configuration cf the * :;; -SUBANDO diversity identification 
composition section in drawing 13 (1) and drawing 13 (2), and (B). 

[0061] This shows the example which applied judgment feedback mold transversal composition diversity. 
Actuation of this configuration is explained in full detail below. 

[0062] In addition, drawing 16 is an example of a configuration in the case of 2 branch diversity (K= 2). Here, 
the case of K branch diversity at the time of generally using K optical receivers is explained. 
[0063] In drawing 16 , since a modulation radio signal deals with the IQ **-SUBANDO signal by which 
rectangular detection was carried out, the feedforward filter (FFF) and feedback filter (FBF) corresponding to 
each receiving branch consist of complex transversal filters. 

[0064] FFF which uses the signal received by each diversity branch here since a timing phase may change with 
time delay distributions in a transmission line can be made into a fraction spacing form so that this timing jitter 
can be absorbed. In addition, FBF is good at the symbol time interval of a modulating signal 
[0065] Here, it explains by the case where the time interval of the one half of symbol time amount is used, as a 



time interval of FFF. Moreover, the example in the case of K branch diversity which receives with K optical 
receivers explains the coming lightwave signal. 

[0066] The wireless modulating signal which the Kth optical receiver outputs among K optical receivers is 
inputted into the rectangular detection section (for example, rectangular detection section 53 in drawing 13 (1) 
and drawing 13 (2), and (B)), and rectangular detection is carried out. After rectangular detection, a wireless 
modulating signal is described as an inphase component (I component) an orthogonal component (Q 
component), and turns into - SUBANDO signal. By sampling Above I and a Q **-SUBANDO signal with an 
A/D converter (not shown), the sampled-value sequence of complex baseband signaling is acquired, and it is 
inputted into input terminals 811 and 812. 

[0067] Here, since it is FFF which used the time interval of the one half of symbol time amount, when the 
sampled-value sequence of a ******-SUBANDO signal sets symbol spacing to T, the sampled value of the 
******-SUBANDO signal of T/2 time interval will be dealt with as an input signal sample sequence. Input 
signal vector Xk in the Kth branch when the input signal sample sequence of time-of-day t=iT (T is symbol 
spacing) in said Kth branch is made into the input signal vector Xk (i) (i) XkH (i) = [yk* (i) yk*(i-l/2) --yk* (i- 
(NF-D/2)] (1) 

It carries out. However, * expresses a complex conjugate and NF expresses the number of taps of FFF. 
[0068] Moreover, tap multiplier vector WK of FFF corresponding to the Kth branch (i) WKH (i) = [WK, i*(0) 
WK, i*(l) - WK, i*(NF-l)] 
(2) 

It becomes. Furthermore, when the input of a decision value, i.e., FBF, is set to d (i), it is the tap signal X0 of 
FBF (i). X0 (i) = [d* (i-1) d*(i-2) «d* (i-NB)] (3) 

It becomes. Here, NB is the number of taps of FBF. Tap multiplier W0 of FBF (i) W0H(i) = [W0, i*(0) W0, 
i*(l) -- W0, i* (NB)] (4) 

Tap multiplier vector W (i) which compounded the signal vector X (i) and formula (2) to set, and which 
compounded a formula (1) and (3) and were obtained here, and (4), and was obtained is defined as follows. 
[0069] 

XH(i)=[X0H(i) XlH(i) X2H(i)] (5) 
WH(i)=[W0H(i) WIH(i) W2H(i)] (6) 

These are M-dimensiona! vectors. However, it is M=2 NF+NB. a time - i - setting - using - a tap -- a 
multiplier -- **** - ? - ; me - i- the forecast W (i-1) calculated by 1 is used. Therefore, input signal y to a 
judgment machine (i) y (i) = W (i-1) X (i) (7) 

It is come out and expressed. Prior presumption error alpha (i) is expressed with a degree type using value d (i) 

which judged this. 

[0070] 

alpha(i) =d(i)-y (i) (8) 

When a RLS (Recursive Least Squares) algorithm is applied using these variables, as it is the following, the tap 

multiplier vector W (i-1) is updated. 

[0071] 

P(0)=delta-ll(9a) 
W(0)=[0] (9b) 

k(i) = {lambda-lP(i-l) X (i)} /{ l+lambda-lXH(i) P(i-l) X (i)} 
(10a) 



alpha(i) =d(i)-WH(i-l) X (i) (10b) 

W(i) =W(i-l)+k (i) alpha* (i) (10c) 

P(i) = - lambda-lP(i-l)-lambda-lk(i) XH(i) P (i-1) (lOd) 

However, a formula (9) is initial condition, delta is the forward small real number and P (i) is the square matrix 
of MxN. The formula (10) whose I is a unit matrix and whose [0] is the zero vector is a formula serially, 
lambda is an oblivion multiplier and k (i) is the Kalman multiplier. 

[0072] Identification diversity composition can be carried out by ******-SUBANDO signal processing of each 
diversity branch corresponding to the input signal from each optical receiver by the above actuation. 
[0073] Moreover, in the above-mentioned invention, other algorithms, such as an LMS (Least Mean Squares) 
algorithm, can also be used as adaptation algorithm. In here, in said judgment feedback form transversal 
composition diversity, a tap multiplier can be adjusted using adaptation algorithm to a transmission line 
including an optical space propagation path, transmission-line distortion can be removed, distortion of 
propagation paths, such as a spot dance in an optical space propagation path, beam bending, scintillation, and 
other propagation delay distortion, is amended, and an improvement of the transmission quality can be 
performed. The place which does not amend a light modulation signal directly, but is transformed to a wireless 
modulating signal, transmits and can amend the distortion in an optical space propagation path by signal 
processing in a ******-SUBANDO signal is the description. 
[0074] 

[Effect of the Invention] By according to this invention, carrying out the **-SUBANDO modulation of the 
information signal, and carrying out an optical space communication link by the transmitting side in the 
communication mode which communicates between the points of arbitration by optical space transmission, as 
explained above Since it becomes possible to apply signal-processing techniques, such as identification, 
diversity composition, etc. which were performed by radio, and degradation and disconnection of the 
transmission quality by atmospheric humidity or temperature fluctuation can be reduced, A quality optical space 
transmission system, the optical space transmission approach, and an optical communication device can be 
offered. 

* NOTICES * 

JTO and NCIPI are not responsible for any 
damages c> M . r ed by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the example (an optical receiver is plurality) of this invention. 
[Drawing 21 It is the block diagram showing the example (an optical transmitter is plurality) (the 1) of this 
invention. 

[Drawing 31 It is the block diagram showing the example (an optical transmitter is plurality) (the 2) of this 



invention. 

[Drawing 41 It is the block diagram showing the example (an optical transmitter and an optical receiver are 
plurality) (the 1) of this invention. 

[Drawing 51 It is the block diagram showing the example (an optical transmitter and an optical receiver are 
plurality) (the 2) of this invention. 

Drawing 61 It is the block diagram showing the example (an optical transmitter is plurality and some sending 
signals are delayed) (the 1) of this invention. 

[Drawing 71 It is the block diagram showing the example (an optical transmitter is plurality and some sending 
signals are delayed) (the 2) of this invention. 

[Drawing 81 It is the block diagram showing the example (an optical transmitter and an optical receiver are 
plurality, and some sending signals are delayed) (the 1) of this invention. 

Drawing 91 It is the block diagram showing the example (an optical transmitter and an optical receiver are 
plurality, and some sending signals are delayed) (the 2) of this invention. 

Drawing 101 It is the block diagram showing the example (an optical transmitter and an optical receiver are 
units, and the delay circuit was established in the transmitter) of this invention. 

Drawing 1 11 It is the block diagram showing the example of a configuration of the radio-signal modulation 
section. 

Drawing 121 It is the block diagram showing the example of a configuration of the radio-signal processing 
section. 

Drawing 1.31 It is the block diagram showing the example of a configuration of the diversity radio-signal 
processing section. 

Drawing 141 It is the block diagram showing the example of a configuration of the diversity composition 
section. 

Drawing 151 It is the block diagram showing the example of a configuration of the diversity identification 
composition section (the 1). 

Drawing 161 It is the block diagram showing the example of a configuration of the diversity identification 
composition section (the 2). 

Drawing 171 It is the block diagram showing a Prior art. 
[Description of Notations] 
10 Transmitting Side 
11,31,41,51,61,71,31 Input terminal 

12 30 Radio-signal modulation section 

13 Optical Transmitter 

14 17 Turnout 

15 Data Fork Machine 

16 18 Delay unit 

19 Multiplexing Machine 

20 Receiving Side 

21, 32, 42, 52, 62, 72, 82 Output terminal 

22 Optical Receiver 

23 40 Radio-signal processing section 

24 50 Diversity radio-signal processing section 



33 Baseband Modulation Section 

34 Quadrature Modulation Machine 

35. 46. 57 Frequency-conversion section 

36. 47. 58 Local oscillator 

43 53 Rectangular detection section 

44, 59, 73 Equalizer 

45 55 Baseband recovery section 

54 Baseband Diversity Identification Composition Section 

56, 60, 80 Diversity composition section 

63 74 The amplitude, phase detecting element 

64 75 The amplitude, the phase control section 

65 76 Multiplexing machine 

66 77 Amplitude detecting element 

67 78 Transfer-switch section 
83FFF 

84 Tap Multiplier Control Unit 
85, 86, 89 Adder 

87 Judgment Machine 

88 FBF 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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i&mmmmmx-z . ^a-s^ mmmzbiz 
i o o i o 1 4^ . *mmw*£ii>&smmto&k 

1 0 0 1 1] ifc, 3S«MTtt. 5SflW4flMWS#*ill 

«wi - «»«i»iE3tafi»*»4»2ras at ems *i* 

[00 12] £ fit J: 9. MJtf»t$S*><o2igfcjS 

mm at immffis^orj > s^dsa* it 
mt Lxm&&th z 1 1 x ->x ± nm&my^ 

^-S'f-JWR*** Z b tfX'% h . 
[00 1 3] &fil$SlL »i«g&5R8£Xli, jM 
fi»ft#SL gmi^WTIiSK. p}#*ffl^*) 
^ , gfiajR3& SffittftftttOflttt* fc h Z t 

[0014] S 4,1c. iUffifflST, «8ftt4MSSfut1i-t 

® uzmm®m^iz%mz tu^mm^ o-h.-u 
zmzitttffiwsinxa&mti <om^t tx 
zsHtmu ^mmx'-tsix^mmzx<o^m 
u mmmz%miK?>io. m^jntiztizj:*) 

[ooi5] ztuzt o . mmmzgmtzmmm 
wtzi hfimtm<?)%tt.*mmmzttiiLZit h z t vx- 

[ 0 0 1 6 ] 4fc. SfflfllTli. flMHI^^iaBaMI 

mmmz£r>£mizmisi-&zkzffii, wwtctt. 

9^^<-5/f-&rt3MM-* £ t £ff «fc tl . 

[0017] cntcj; o . m®mz%m?h{m®m 
wzx hGMsmc>yg{tzimmztimit& z t *<r 

[0018] JJBlfWMcfenT. aSRflWSSWWi* * 



mamtizbiimbL, ^-x^yvm^mm 
^zm^zymumth. x\tm.m$mms.. 

m<nm.mt Lxmwssm umti z t 
®t?z>. gmwcoamm^wmmt. *-x^ym 

h z t zm®. 1 1 , *ffifimkxim&m&$mmcr> 

rat, tvmntiiijimztiwmb. zv&ji 
mmmiz%m?h^-x^v mmmgmzz 

[0019] ztazi vmk<wmffltfrt><vm^t: 

6 £ # 4 . ?4><- i/f-istWi-f*HI»(i . ^~ 

[0020] +ms^x(i*E^jg^^x'^r-f /<- 

<?)®mZMffifZ>ZbZft®bt&, it:, ^-x^y 

ummsf&am&zzm-b z t , x«a«?w®sa 
&<r>ik%iz®&T)i>ivxj*zm^izbzmib u 

[ 0 0 2 1 ] 0 1 *»4>H3tt, ftttm«&^1itt&tf£ 

[ o o 2 2 ] WToKiBt:*jv^r . «»oasa« 
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i lfrinmofr {T-fxxm) it. mm*& 
i4. 3tcj:->T3effi^(c3t»$^ saa^a 
[0024] o-cti, mtstuzmwim 

*H1£»I8S2 2, . 2 2 2 tcJ:->T»I$*U ffiW 
«SWl#(cSa«$*i*. **5«i»2 2, . 2 2 2 *»fc 

[0025] ;wjatM"Cti, A^ffllSft#&«IIS^ii 

[00 26] H2fc*JVvtli, iHIHlOTtt, A^lffi 

i i^^^hwm^ MMrraw i 2kj:->t* 

[0027] SIBICilimSitfc-tn'PiiflWHi^i, s 
Hffl<03fc£<l«2 2fcJ-3THSLTgg3*U tt$MI 
#££813*1.4. -?-wtSM£ft£tii*)J4. Mfcfi^ 

»sa2 3fcj:»K swans *i. 

[00 28] 4fc, B2<CttlvC. ^HSJs 1 4 O-^CO 
ajflfcjffi^Bl 6 £#AU: 06K^$ftT 

[0029]H6*>J:3fc:. &fffflO&iftfi?$9iffie> 

[ o o 3 o ] . iiji^ati. «d5r«)4Hit» 1 4 was 

Xi>£\*K 

[003 1] 123 KfclvHi, mmmi 0714, A^l 
1 «*6affiffft4tt#ttH 1 5 fcj: 0«Bfcfc:4HRS 
*U fit-WiiSifi^Saip? 1 2 1 . 1 2 2 l^oTil 

»1 3, . 1 3 2 CJ:->T3e«*lca3*S*i. 2fflK2i 

[0032] ^fciMSftfc«l«WHH»tt. JE 
«IBl2 0*»1M»2 2*cJ:oTHgLT*«S*U « 



mtm®2 3fc J: 0 . filfJlKtM, 

[0033] H70J:"3K:, Siftfll OOltiKfl 
«H»12, . 1 2 2 *>-ar*>Hi* (H7TI4. *H 
IH39Mil2i WiiJTJ) fc. aBKill 6*J*Al/C 

**. 

[ o o 3 4 ] wsatow. **i<wu*fr 

*attGIH*lfAl/CiJ:n. 
[0035] H4aVH5tt, aMtM<0^fi»atfS 

[0036] H4fc£lt&i8fl<l 1 0X14. ftSRWHe 
PS51 2c7)tU^)$:^-E^LTiMfSffl!J^3BMfi^ 1 3^«IS 
BW«J:3fcU H5KtJ»t*aMlflil OTfcL A*ffl 

i i3&>^flHWi-t*4J-«L. *ft«ft*iiflmEfw 
12, , 1 2 2 t^Lts mommitsi 3, , 13 

100 37} £tz. 04&OT25 t*J»t4Sm«2 0T 
{4. «R<03Kg«»2 2 1 , 2 2 2 'TWILfc*fl»* 

«wi#fe mi L.wi- i^imannmK 2 4 1 

[00 38] 4fc % 08&W29f4, 04atfl25fc;fc 
WC. iSfiffll OT4)-«Sll4Xttl5KJ:0*«Lfc 
li#«-»ca®IB 1 6£»A-f Store**. 08 

a^H9tiEasiutt<o{i« jiftMio*^, ntflt 
wwtUfcLTaflitfn, sfifij2ort4. n#ia^ 
>r A-^f-jsasflHi-Tfis z t mmb * 0 . jiftp D B 

[ 0 0 3 9 ] 0 1 0 fc*JV^T(4, AAffi 1 1 36»4>OflHB 

ft^ti^ffi^idgpi 2izx <ommtz%®zti 

h. *<O{fi^Jtt*«»17t:J:04Hft*n. -*MaHE 
H«18KJ:9jl!Si§i"U Blf, t. 

[0040] ^flfflS20-C'. Sftdl 0*»^Ojfcfl^ 

-e^ai7j<4, «i»fi-9«sa2 3fcj:»). swk^« 
sn, tkwflwiHt*(csa»s#ias*»2i*>/5>{ij^$ 
tit. 

[ 0 0 4 1 ] 12 1 ocommzx *) . aifUR) 1 o-cjBBae 

Pfl^^HSU, -^r^jgi^-frr. Slte*LT*>6 
3fefsjS L , SWIfilTflHt^lS-r h ZbX\ ftm^ a'- 

[0042] HI ltfc^Ttt. [21*^01 Otfctt 

[ 0 0 4 3 ] m 1 1 ( 1 >{4. K-xxy mmco^x- 

[0044] AUZtltzffim^li. K-zrt>mM 
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£«I3 4{C<}: 0 I , QjS^jWBQEPS^. ftTJffi 

[ o o 4 5 ] @i i (2)(i, *mmm!tximm® ; sffi. 
mM0>%>GX'$)$>. mi i (i)jctjit4i38as»3 

C00 4 6] 01 214. 02. 3. 6. 7. lOKfcft 

[ 0 0 4 7 ] HI 2 ( 1 K-ZJiy HfiSMMH' 
T\ Aa3ft^-x*yF*ai8BM»tt. !3&Bfift 
&4 3fcJ:9££8«&$*U K Qj£##SWj$ii*. 

*^k^«s*i, al_x^->- mmm 5 1 J: 0 1 to 

fi»Rfi#fcS»3*i.S. 
[0048)012(2) (4. 

&SP4 3 . ^ftS4 4 . <-7,A> FfSii^4 5(3 J: 
[0 04 9] 01 3(4. 01 . 4, 5. 8. 

[ 0 0 5 0 ] 0 1 3 ( 1 )(4^-xA> Mi^if^T'. 

^iSS^! s 5 3 2 -Clt£«l»3*U I, QjjMW 
SMjSflS. ^fl-flrlOSMjtt, ^-XA'i/r-'^-fA*- 
^^Wt*«»5 4 (CJ; OSML r-f a*-$/^£j£$ 

[ 0 0 5 1 ] 0 1 3 ( 2 ){4, +Pb»&X<4&IIJ§« 
#fiSS<0«^T. 013(2) (A) tt^-f A*-vf-£)£ 

Ma55 5(cj:o. btvmm^esmzti* ajas* 

5 2 t k9tfi7J2:rlS. 
[00 521 HI 3(2) (B) tt. *">f 
K-XJ<y VXff 0 mST'h h . 

[0053] x^iit^wLmw^mx\tmm. 
mommm. tixttimaaiimsit . 57 

2 . ^«»^5 8tJ:9iJra<0+HBI«aR»<Ofi^fc 



SSSiSfU 13c&i&$ 5 3,. 5 3 2 C J: 0 EXf**3 

tii. *<r>mw&m. K-x^yvyj^-y+m 

ft£jS»5 4fcJ:0^ ^A*-^f-£j££ii. ^~ 
XA'y H«M» 5 5 iz «t 0 . i b offifBfl^CSQftS 
*U *7JSi 1 5 2J;0tB*§iil»„ 
[0 0 54] 014 ttJ^TJi. ^A'-yf^E^ 
m«»X(ii^&» ; rClTa01 3(2) (A) tcfc 

[ 0 0 5 5 ] 0 1 4 ( 1 )<4. «*Jt^J«<0«^T. A7J 
ffl^A7J6 1 1 . 6 1 2 *^A^$fi*:ft^>Sstft 

». mmmm 3 , . 6 3 2 tcj; o^tti^n 

6. (4ffi1^tbgP6 3 ! , 6 3 2 ?*tai$*irt:JB«Ifcffiffl 

SldC:. *ftWSS, <4fflW«W6 4i . 64 2 t 

[00563014(2) tt s S^)S<7)^T'\ A7JS 
^A7J6 1 1 . 6 1 2 *"oA^Sil^m#ti> ttlftl 

wmmueei . 6 6 2 KiOK^tB^its. s 

«i«jaj»6 6i . 6 6 2 «, DHttLfcU'WEJB&T. 

[00573014(3) (4, tg? lJf#^jSO«-&T'. 

[0 0 583 01 5 {4. ?<i A'-v-f-^Sr^-XAV 
HTff a 0 13(1 )ay® 13(2) ( B ) ti5(tl,AL 

[0059] 01 5(l){4SAJt^O^. 01 5 
( 2 ) imm£fccr>i§£^ 015(3) {i^W^jSO*^ 
A73$^ I , Q^coil^(4. fix-fa^b 
S7 3 t , 7 3 2 (CiO^tS^m. 014O^i: 

1. 

[0 0603 01 6J4. 01 3(l)Sr/01 3(2) 
( B ) izm&^-xrty A-^asHt^jsaw) 

[006 1 3 i-rttiWJgHBIS h 7 yXA'-- 
4 A*-s^£3SffiLfclH£*l/C^i.. i^fltiSwlW^ 

[0 06 23 =&rfc. 01 6{427'9>'f-^A'-^f- 
( K = 2 ) ««^)HliR<WC* * . i i -C*(4 . -mz K ffi 
<o*»i»tfflv^iS^)K^5yf-^>fA'-i/f-o« 

[0063)016 fc*»vttt, ^-§(1^7 yf-t^JS 

7 -f - K7 * 7- F 7 >f (F F F)&t/7 ^ - F 

a* 7 ? 7 -r ( f b f)(4. ^mmtfm$ms& 
ntz 1 QK-x^yvm^mmcox\ mmh?y 

[ 0 0 6 4 3 A'-^r? y^T'^fi^itsft^ 

(4. gjSBTOjUB^IBHMftfc: J: *) 5 yfimtm 
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f b Ft±, seHfl^^v^/KunB 

[00 6 5] d^Tti. FFFcOSfHraUt LT\ ^ 

[00 6 6] KfflcOftgftSKOo^ §5K#g<7)ft£fi 

1 3(l)&tfHl 3(2) (B) fc:fc»t*13£St»S5 

■MWi. I^J*#(IJS#)fciB3^#(Qj*#)<>>*- 

X k H (i)= [y k * 0) y k * 0- 
1 ) 

bti. ffiU *li®m£®t. N„«FFF*)*-y7lK 

W k h (i)= [W K , , * (0) W 



[ 0 0 6 7 ] ZZX'it. is>X)m®<7)¥ftcr>&fffifflffi 

yni^mmt. isytfiusm&rkt&k* t/2b# 
-t^r/pjRjot L-zm*)mzkk%h. meant? ? 

yf-fcfcttl., ^JSt-iT (Tttj/y#;HaiH)<OA* 
l/2)-y k "(i-(N F -l)/2)] ( 

[ o o 6 8 ] &tz. mKfyyj-iztim-th F F Fff)? 

■•/Tma^hJvwK (i) (± 



(1) 



w K 



1)] 



X 0 (i)= [d« (i-1) d« (i-2)-d« (i-N B )] 
kts:h. ZZX\ N B HFRF COf-vTmX'hZ, FBF 

W 0 H (i)= [W 0 . i ■ (0) W 0 



* (N F 
(2) 



(3) 



<?h)VX(i)k. M2)k(4)*%tfLLX%t=ixrz? 

XH (i)= [X 0 H (i) X,H(i) 



X 



i ■ (1 )— W 0 . i MN B )] 
(4) 

[00693 

2 H (i)] (5) 



W h (i)= [w 0 h (i) w, h (j) w 2 h (i)] 



(6) 



ZtlMt. MiXTt^blUX'hl. flU M=2N F + 
N B X%1. B#£ i tfiV^TJB^*^ *:Tfl»fc:li. B# 
y(i)= W(i-l) X(i) 
<rft£fl£U:ttd(i)£^vC. ¥If«£ 

a(i) = d(i)-y(i) 
KX^MfflWRLS (Recursive L 
east Squares) 7/1^ 'JXi>£iIfflL£*§ 
£fi. OTOJ: ol/ZLX? -y rffiR*? b^W( i - 1 ) 

P(0) = ff- i I 

W(0)= [0] 



j£i-lT#AfcTOWW(i-l)£ffl^*. 
JSS^AflflWyam 

(7) 

[0070] 



n 



[007 1] 



(8) 



(9a) 
(9b) 



k(i)= (A- i P(I-l)X(i)]/ { 1+A- i XH (i)P(i-DX(i)) 

(10a) 

a(i)=d(i)-WH (i-l)X(i) (10b) 
W(i)=W(i-l) + k(J)«» (i) (10c) 
P(i) = A-i P(i-l)-A-i k(i)XH (i)P(i-l) (lOd) 



P(i){i, MxN^jE^h'J?*?*!.. UiJ---y 
r-?MJ?*. [0] ti-fe*D^h;l,-cj>l)^(10)(i 

[0072] JJLbOlWWc J: *) . #*««»*»fe<OA* 



X'ZZ. 

[ 0 0 7 3 ] ±E»WCtt. jgffiT/l^'JX.ki 
LT, LMS (Least Mean Square 
s ) 7)i>-dVXJ±t(;y<r)m<F>7>l>zf>)XJ±ZmuZ>Z\k 
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[0074] 

WBmt&jmatxsasGa&fci mm-thmm^za 
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* *) . ±mmm*m.%miz x nm&mgit*?® 
•vtmx'hh. 

[02] *mt7)%MM ( ftilfi&#« ) ( *<o 1 ) 
[03 ] *%!l!a|gftffl (jftgffiflWttft) (*<D2 ) 

[04 ] *^«nsfewi <3tiSfB»a^3te5e<i»*<a 

IK) (-eoi) &^-trn./^0T*S. 

[05 ] *%m<7)mm (%mm$sWi/e$m%w® 

[06 ] *wA0>9mm (xmmsmmx. 
amtf&m (-tan *^7v>v?wx'hh. 
[07 ] *m?>mm (%mm%mm\ -m<m 

[08] *^oHjg^ij (36J|Hi»2W^3K»iS8*«1M* 

mx-hh. 

[09 ] jaginjBtM (Mssmsa^atsjfis^aR 
x\ -mvmmmtfmm) (*<o2) imruv? 

[01 o] ^mnmrn (mm&wx&imm 

»T. Mft3§fc»MlI186£lS{t*:) $r*1-/o-y70t' 

[0ii] «a8«-waBaw>»*«fc*-r7'D-^H-c 



[012] MSft^3^8iJ£M£^-f 7p 7 ?0T' 

hi. 

[013] ^^-i/f4sK«JHaa»«o««M*jpt 

[014] yjrt-is^imnniimtewi-yvy? 
mxhh. 

[015] ^/N'-^^^^^fi£^J (**>1 ) 

[016] ^^-^^k^ja»w«jsfifi (<e*>2) 

S-*1-ro«y^0t'J>S. 
[017] fiawafB 7o -y ? HT'J) I) . 
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1 0 iMflffl] 

11. 31.41. 51,61, 7 1.81 A7J« 

12.30 hmhiwis 

1 3 3lSIfiS 

14. 17 mum 

1 5 r-*#tt» 

i6. is mmw. 

19 
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21. 32. 42. 52. 62. 72. 82 Utfj* 
2 2 ft£ft& 

23.40 mmm^nm® 

2 4. 50 ^^'-i^f-iEiifi^agp 

3 3 

3 4 ft£$H» 

3 5. 46, 5 7 J9l*iftX&fV 

3 6.47.58 Jffl«8&» 

4 3. 5 3 iS£tt»S 
4 4. 59. 7 3 

4 5. 5 5 *-ZJ*yV18m& 

5 4 ^-^^K^-fA-i/**^** 

5 6. 60. 8 0 ^4 A- 

6 3.74 ££. {iffl^ttl^ 
6 4.75 «, firffl^J»a5 
6 5. 7 6 £}&2g 

6 6. 7 7 Wmi&& 

6 7. 7 8 WOBUX-f-y^SB 

83 FFF 

8 4 9v?mmmm. 

8 5. 86. 8 9 ftDgtt 
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88 FBF 
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